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NATIONAL ADVISORY COMMITTEE FOR AERONAUT ICS 



TECHNICAL MEMORANDUM NO. 1033 



WIND-TUNNEL INVESTIGATIONS OP DIVING BRAKES* 

By D. Euchs 



SUMMARY 



Unduly high diving speeds can be effectively con- 
trolled "by diving "brakes. But their employment involves 
at the same time a number of disagreeable features: 
namely, rotation of zero lift direction, variation of 
divifig moment, and the creation of a potent dead air re- 
gion. 

i^._5.E.S:^i£jS_S.£.£.S.£i.z.~' point of attachment at the 

wing (rear position) has the greatest influence on the 
braking effect; forward positions afford stronger braking 
action than rearward positions. At zero lift the effect 
is approximately the same whether the brakes are mounted 
on the upper or the lower surface; the mounting on the 
lower, surface is accompanied by a marked slowing down of 
braking effect at increasing lift. The aspect ratio of 
the brake has as litt'le effect on the braking action as 
the lateral position-. 

For the decision of the. question of suitable loca- 
tion the braking effect can, therefore, be largely dis- 
counted, provided the brakes are placed as far forward 
as possible, the span being preferably so disposed that 
only one of the trailing edge flaps is'hit by the dead— . 
air region. 

2. Rotation of zero lift directio n. — The mounting 
of diving brakes on top of the wing produces a positive 
rotation (sight impairing), under the wing, a negative 
rotation (sight improving) of zero lift direction. The 
absolute amount of the angle of rotation can be reduced 
by a greater aspect ratio or by locating the brakes closer 
to the fuselage. 



*"Windkanaluntersuchungen an Br e ms plat t e n . " Luftfahrt— 
f or s chung, Bd. 15, Lfg. l/2, Jan. 20, 1938, pp. 19-27. 
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3 Var iflii jin_X!f._i.±2iJa^_JDXijn£ni Limited, to the ex- 
plored "backward positions of the "brake up to about 30 per- 
cent of the chord, the sign of the moment change is (as 
under 2) determined "by the disposition on the upper or 
lower surface of the wing. (Upper surface: noseheavy; 
"bottom surface: tailheavy additional moments.) The lim- 
itation to the front portion' of the profile was dictated 
"by the fact that the split flaps mounted at the lower 
surface produce, as is known, additional noseheavy moments 
It follows, moreover, that there always exists a point 
of attachment for the "brake on the lower surface of the 
wing for which the additional moments "become equal to 
zero. • The absolute amount of moment change of the inves- 
tigate d "brake arrangements can "be reduced, as before, by 
greater aspect ratio and placement closer to the fuselage. 

Since the diving brakes must be mounted near the 
spars for reasons of strength, that is, in the fore part 
of the profile, the use of the bottom surface is advis- 
able because the additional tailheavy moment here unloads 
the diving moment. The sign of the add it ional • moment can' 
be explained by means of pressure . distribution .measure- 
ments , It was found that the low pressure behind the 
brake, when mounted on the lower surface of the'Wing, must 
furnish a tailheavy ' additional moment. The pressure dis- 
tribution measurements are invaluable for static purposes, 
since the conventional methods under such severe disturb- 
ances render a precalculation impossible, 

4. Avoidance of unwanted dead— air region effects^— 
Experiments in the dead— air region of the brake indic/ate' 
that the provision of a gap. .between wing and brake af- 
fords considerable amelioration of the unwanted effects 
of the dead— air region. It. was. proved by measurements' on 
a model airplane and on a normal wing that the provision 
of a gap is only beneficial, since the braking effect in 
any event does not slacken and the. effect on diving mo- 
ment and zero lift d'ir e c t i on . be c omes at the same- time less 

I. DISTRIBUTION OF THE BRAKE SURFACES ON THE WING 
a. Distribution on Upper and Lower Surface. of Wing 

Brakes of 105— millimeter span each and 36.7 square 
cen-t-im.eter area, or . alt oge t her of 73.4 square centimeter 
or 1.65 percent of the wing area, were mounted on a model 
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of 1.64 meters span with an eTliptical area of 0.446 square 
meter, on each wing half. The model wing had twist and 
was complete, that is, was fitted with horizontal and ver- 
tical tail surfaces, as the tests were intended to include 
•the longitudinal moment changes of the wnole airplane, 
hence inclusive of any eventual effects on the tail. 

The tests were made with the following arrangements: 

1. Brake 100 percent on lower surface 

2. Brake 57 percent on lower surface and 43 percent 

on upper surface 

3. Brake 43 percent on lower surface and 57 percent 

on upper surface ■ 

4. Brake 100 percent on upper surface 

The reference quantities for the aerodynamic force 
coefficients are: 

F = 0.4,46 m a . wing area 

t = 0.346 m maximum chord 

The' moment reference point was. 133 . 5 mi 11 ime t er s "behind 
the envisaged wing nose in fuselage center, that is, at 
38.6 percent of the maximum wing: chord. . The results of 
the tests made at v = 30 m/s air speed arc provided 
with the usual corrections for open jets with elliptical 
section for drag and angle bf attack (reference 1). 

The test data are shown in figure 1 along with a 
reference measurement of the model without "brakes". .The" 
additional drag, referred to the "brake area, is shown in 
figure 2 (denoted with Ac w b), 

1. Drag.- The minimum profile drag of these arrange- 
ments is located at widely varying c a values. Hence 

the polars, viewed from c a = 0 in direction of ascend- 
ing c a . values , present entirely different aspects. 

While the drag increases continuously with the "brakes dis- 
posed on the . "upper surface, only," there still is a con- 
siderable loss in "braking effect with the "brake mounted 
on the "lower surface only." Of the drag increment exist- 
ing at c a = 0 only 55 percent remain at c p = 0.3. 
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This phenomenon is noteworthy, "because of the marked de- 
crease in "braking effect attending a pull-out from a dive 
with Drake flap extended on the lower surface. It is 
plainly visible in figure 2. 

An unusual feature is that the .drag coefficients of 
the brakes assume such high values. Those of the same 
aspect ratios freely exposed give drag coefficients of 
the order of magnitude of 1.1 to 1.4 (reference 2). How- 
ever, it is entirel?/ comprehensible that a mult iplicat ion 
of drag is obtainable by mutual effect between brake and 
wing, especially if the former is located on top of the 
wing. 

2 . Variation of longitudin al mo ment . — These varia- 
tions are very considerable. To estimate the approximate 
magnitude of change of normal force coefficient necessary 
at the horizontal tail surfaces which balances the pro- 
duced change in longitudinal moment, we put 

A°nH = — — Ac 

P H t H q H o 

(Subscript H denotes the horizontal tail surfaces.) 
In our example it is 

A c n H_ « 3 A cm 0 

Extension of the brake area with arrangement "flap below 
only" produces a variation . in diving moment of Ac mo = 

-0.07 and of Ac mQ = +0'. 07 with arrangement "flap above 

only." Hence the normal force coefficient on the hori- 
zontal control surface must change by about Ac n E = 

±0.21 which in any event requires an elevator deflection 

o dc n H da 

of about 6 on the assumption of = 4 and — - = 0.5, 

da dp 

Noteworthy also is the sign of the moment variation, be- 
cause it is contrary to natural expectation: A brake 
flap under the wing produces a ta ilheavy rather tha n a 
noseheavy moment. This is solely because of -"the change 
in pressure distribution on the profile, as will be ex- 
plained elsewhere. 
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Still another noteworthy feature is the change of 
direction of the longitudinal moment line ( c m = f (c a ) in 
the illustration) which is especially marked on the 
arrangement "brake flaps "below only." Referred to maxi- 
mum chord at mid— center of the wing there is in this in- 
stance, a 11.3 percent chordwise backward displacement of 
the neutral point. The other moment lines of this picture 
are not rectilinear; hence the definition of the neutral 
point, that is, of the point in the airplane referred to 
which the longitudinal moment becomes independent of the 
angle of attack, does not apply to it. 

3. Zer o lift d ire ction .— The change in zero lift 

direction, so important for the visibility conditions, 
amounts to ±2° with this arrangement. Notable also is 

dc a 

the change in — — , which drops from 4.1 without brake 

d a, 

to 2.8 with brake flaps, or almost by a third. 

As to the advantages of mounting the brakes on top 
or under the wing it may be briefly stated that at vanish- 
ing lift the additional resistances are equal. For take- 
off, that is, for increasing c a , the mounting on top 
of the wing would be more favorable since here, in con- 
trast to mounting it under the wing the additional re- 
sistance still increases. nevertheless one is forced to 
mount the brake under the wing because there only the 
rotation of the zero lift direction is in negative, that 
is, visibility improving, direction. Added to that, the 
diving moment is decisive for the strength of the wing 
against distortion. But, in turn, this is decreased only 
when the brake flap is mounted under the wing; the change 
of moment due to the brake acts, in this instance, unload- 
ing on the diving moment. One of the investigated inter- 
mediate solutions with brakes fitted on top and under the 
wing is constructively much more difficult to achieve. 



b. Effect of Brake Span and Lateral Position 

The employment of brake, flaps conditions the appear- 
ance of a powerful Wake behind the brake. The modern 
airplanes are fitted with some sort of tr ai 1 ing— edge 
flaps which are struck by the dead— air region. One will 
attempt to so dispose the span of the brakes that only 
one of these is struck. But, inasmuch. as a definite 
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"braking effect is to "be achieved, a certain size is re- 
quired. 

The problem of effect of "brake aspect ratio is there- 
fore of as much interest as that of their lateral position. 

The results of such measurements are. shown in fig- 
ures 3 and 4. Figure. 3 is for "brakes mounted on top and 
tinder the surface. In figure 4, where the. "brake is mounted, 
under the wing, the effects of three different arrange- 
ments are visible: 

1. Two aspect ratios in fuselage vicinity 

2. Two aspect ratios approximately in the center of 

the semispan 

3. Effect of the lateral position of "brake 

The additional resistances referred to "brake area 
are' shown in figure 5. 

Comparing figure .1 with figure 3, the result is 
qualitatively the same. Quantitatively the additional- 
resistance is also of the same order of magnitude (see 
fig-. 2) "but the variations in zero lift direction and in 
diving moment have decreased somewhat. 

The data of figures 4 and 5 show very little differ- 
ence, neither the aspect ratio nor the lateral position 
has any appreciable effect on the additional resistance. 
On approaching the fuselage, like for ah enlargement of 
the aspect ratio, the variation in zero lift direction and 
in the diving moment decreases. But the effects are so 
small compared to construct ive considerations and wake 
effect problems, that they are not decisive. 



II. EFFECT OF GAP BETWEEN BBAKE AUD WIItfG 



For the practical design the question of minimizing 
the unwanted effects of the dead— air region was of great- 
est importance. Unfortunately the vibration phenomena 
occurring on the impacted flaps at the trailing edge 
(split flaps, ailerons) could not be investigated with 
the very heavily constructed wind— tunnel model, since it 
would have postulated at least approximate similarity of 
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elastic properties. Because the available model was de- 
signed according to standard practice and the design and 
construction of an elastically similar model was impossi- 
ble within the allotted time, some wake studies "behind 
brake flaps were made instead. The disturbed zone was 
scanned over its extent by total— head tube and tuft survey. 
These investigations like the tests with sailplane (refer- 
ence 3) brakes appeared to be the most appropriate solu- 
tion for reducing the dead— air region. 

Figure 6 gives the- results of total— head measurements 
(Ap.„) in the dead— air region behind, the brake mounted 

under -the wing, .the- region of maximum Apvl-' being regarded 

as nucleus, and the' region where Apg drops t 0 zero as 

mixed region. . The "spilling effect" through the slit in 
the plane of measurement behind the brake is plainly evi- 
denced by a smaller Ap„. 

o 

To explore the effects of the gap on the remaining 
aerodynamic quantities experiments were made on 

a) A complete airplane model and 

b) ..On a rectangular wing ■ ■■■ 

The airplane model was the same used in the previ- 
ously described tests. Two. different types of brakes 
were measured (200 X 18^4 mmp or 1.65 percent of the wing 
area and 287 X 25 mm2 or 3.2 percent of the wing area)* 
the gap width being varied from zero to 1.33 times the 
height of the plate. The large surface was also farther 
away from the fuselage and farther .back from the nose of 
the wing. 

The rectangular wing (b = 1.50 m, t = 0.3 m, F = 
0.45 m 2 ) was of constant profile (maximum thickness 10 
percent of chord at 30 percent chord and maximum camber 
2 percent at 40 per cent, chord) . The- brake was 20 milli- 
meters high and continued across . the span, making its . 
area 1.5 x 0.02 = 0.03. squar.e (ta£A-3»#m et er s or 6.67 percent 
,of. the wing., area. Its distance back of the nose was 20 
percent of the chord. 

The test data are reproduced in figures 7, S, and 11. 
The braking effect is shown in figures 8, 10, and 12 
plotted against the width of gap along 'with the rotation 
of the zero lift direction and the displacement of the 
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diving moment. The two quantities are reduced to plate 
area = 1 percent of wing area for comparison. 

The gap has, as. is. seen, little influence on the 
braizing effect. Moreover, since the variations in zero 
lift direction and in diving moment become less, the 
presence of a gap is actually of advantage from the aero- 
dynamic point of view. 

The effect of rearward posit on of plate, as reflected 
in figures 8 and 10 is also noteworthy; in figure 10 it 
results in a loss of braking effect, although in coinci- 
dence with a decres.se in zero lift direction and diving 
moment change. Nevertheless it is more beneficial if the 
design permits the plate to be located farther forward, 
where less area is required and the slight impairment of 
the other characteristics is balanced by. smaller plate 
dim ens ions . 

She comparatively low braking resistance of the 
rectangular wing is due to the fact that the interference 
effect of the brake flap cannot extend spanwise. The 
rectangular 'wing therefore exemplifies the plane problem. 

Ill, PRESSURE DISTRIBUTION ABOUT A PROEILS WITH BRAKE EIAPS 



The previously mentioned change in longitudinal 
moment in the presence of a brake flap carries a prefix 
contrary to expectations: The mounting under the wing 
effectuates a tailheavy moment. This phenomenon is illus- 
trated on pressure distribution measurements, which more- 
over are valuable for static investigations as well, 
since the customary calculation methods for predicting 
the pressure distribution about a profile fail when diving 
brakes are involved. 

These measurements had been made in the G-ottingen 
laboratory before the Heinkel wind tunnel was completed. 
The employed, rectangular wing had a 1.0— meter span by 
0.25— meter chord. Its constant profile had a ma-ximum 
camber of 2.4 percent of the chord (at 40 percent chord), 
and a maximum thickness of 16.5 percent of the chord. 
The pressure measiir ement s were made at midspan of the 
wing at v = 30 meters per second. The brake flap was 
mounted at 48 percent of the chord. 
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The result is shown in figure 13. There is a dis- 
tinct pressure "before the flap. The tailheavy moment , 
however, is due to the not incons iderahle low pressure 
"behind the flap. The effect of this low pressure pre- 
dominates. The local pressure jump induced "by the flap 
is of the order of the dynamic pressure. 



Translation "by J. Vanier, 
National Advisory Committee 
for Aeronautics. 
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-a — "-Broke Flaps 105x35mm l under 
. , « \105x15 « over 
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~° — °~ • 105*35 " over 

« 100X18,1° under 
« 200XfS,¥' over 



Figure 3.- Braking effect 

of diving brakes 
mounted on top and under 
tne wing; effect of mount- 
ing at different positions. 
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Figure 4.- Brakes of different 
spans and at various 

positions. 
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Figure 5.- Braking effect 
with brakes of 
different spans and posi- 
tions. 




Figure 6.- Dead air region 

behind brake 
mounted under the wine. 
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Figure 7.- Brakes with different gap widths. 
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Figs. 8,10,13 




Figure 8.- Braking 
effect, 
change of zero lift 
direction and of div- 
ing moment with var- 
ious gap widths. 

(to Fig. 7) 
a Acmo /brake - 1%\ 

b Aoq \ wing area ' 



Figure 10 .--Braking 
effect - 
change in zero lift 
direction and div- 
ing moment. 

(to Fig. 8) 
a Ac mo /brake ■ 1%\ 
b aoq \ win £ area j 
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Figure 13.- Braking 
effect 

and change in zero 
lift direction, 
(to Fig. 11) 
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Figure 11.— Rectangular wing with continuous brakes and various gap widths. 



HACA Teohnical Memorandum No. 1033 
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